Abstract. Fertilization with essential mineral elements is important to get high quality yield results. The lack of necessary mineral elements in soil can affect oilseed rape plant physiological functions, photosynthesis and plant productivity. Oilseed rape plants have high requirements for nitrogen and as oil crop -for sulphur. The aim of the investigation was to explain changes of chlorophyll a fluorescence parameters in spring oilseed rape leaves and yield changes under nitrogen and sulphur supply. During laboratory experiments changes of chlorophyll a fluorescence parameters and during field experiments changes of yield parameters under different nitrogen and sulphur supply were observed. Laboratory and field experiments showed that sulphur fertilizer rate 18 kg ha -1 is the most effective sulphur dose for spring oilseed rape, when nitrogen 55 kg ha -1 is added, because its presence has positive effect on photosynthetic reactions. There was found out in laboratory experiments that chlorophyll a fluorescence parameters F v /F m and PI can be used to describe sulphur and nitrogen mineral element supply efficacy on spring oilseed rape. There was observed in the field experiment that oilseed rape yield increases significantly (from +0.34 t ha -1 to +0.64 t ha -1 ) under optimal (S 18 N 55 ) nutrient supply, but lack of sulphur leads to significant yield losses. To avoid excessive fertilizer usage, its negative impact on plant physiology and yield losses, we consider that sulphur: nitrogen = 1:3 as additional fertilizer is optimal for spring oilseed rape plants.
I INTRODUCTION
Oilseed rape (Brassica napus L.) is one of the most important sources of vegetable oil in the world and widely grown as main oil crop in Europe [1] - [4] . The total area of oilseed rape grown in Latvia has increased almost 7 times during the past 10 years (2002: 18.4 thousand ha; 2011: 121.3 thousand ha) (data from Central Statistical Bureau of Latvia). Oilseed rape growers in Latvia usually prefer winter oilseed rape varieties, but due to different weather conditions across Latvia in some regions, especially Eastern Latvia, it is possible to grow only spring oilseed rape [5] . The area of spring oilseed rape was 63.6% of the total oilseed rape area in Latvia in 2011 (data from Central Statistical Bureau of Latvia). Compared to other European countries the average spring oilseed rape yields in Latvia are relatively low.
Request for high seed yield increased rapidly, accordingly with increasing number of opportunities for use of oilseed rape. Fertilization with essential mineral elements is important to gain high quality yield. New oilseed rape varieties can produce high seed yields, but it is important to ensure proper growing conditions, including complex and balanced mineral fertilisation during growing season. Oilseed rape requires a higher amount of nutrients as compared to cereals [6] , [7] . Nitrogen is limiting element for plant growth, because it is an integral component not only of chlorophyll but also of amino acids, proteins, nucleotides, chromosomes, genes, ribosomes and is also a constituent of all enzymes [7] , [8] . Sulphur is also an important mineral element for oilseed rape development [9] , [10] . Several studies have established positive interaction between sulphur and nitrogen [11] - [13] . Sulphur fertilizer improves nitrogen use efficiency [12] and is involved in the synthesis of chlorophyll and it is in the sulphurcontaining amino acid [14] and enzyme content [15] . The deficiency of necessary mineral elements as well as too high element amounts in soil has negative impact on oilseed rape physiological functions, photosynthesis and plant productivity [16] .
Rapeseed contains 40 -46% of oil [2] , [6] , [15] , [17] and 43 -48% of protein [2] . Oil content of seeds can be affected by many factors, such as variety, crop management and fertilisation [2] . Several research confirmed essential role of mineral fertilizers on rapeseed oil quality [2] , [7] , [11] , [18] - [20] .
Chlorophyll content and photosynthetic activity in plant leaves are main parameters describing plant physiological conditions [21] , [22] and mineral nutrition of plants [23] - [25] . Young plant leaves which have reached optimum size and development stage are the best indicators for mineral nutrient content in oilseed rape plants, especially for deficiency of elements [26] . Non-destructive methods
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of plant analysis have become more popular in plant biology [22] , [27] . Chlorophyll a fluorescence has been widely used to measure the stress level of plants induced by many factors [21] , [28] - [30] . However, there is a lack of information about the effect of supplementary sulphur and nitrogen on physiological processes in plants, such as photosynthesis as a yield forming factor under Latvian climatic and agroecological conditions. Therefore, the aim of the research was to explain changes of chlorophyll a fluorescence parameters in spring oilseed rape leaves and yield changes under nitrogen and sulphur supply.
II MATERIALS AND METHODS

Laboratory experiments
Laboratory experiments were carried out at University of Latvia, Faculty of Biology in 2011.
Spring oilseed rape variety 'Forte' was used in studies under laboratory conditions. Seeds were sown on January 19 in plastic containers (five seeds per container), filled with mineral-enriched peat substrate KANO (pH KCl (Table 1) . Ammonium sulphate ((NH 4 ) 2 SO 4 ; nitrogen content 21%, sulphur content 24%) was used as a sulphur (S) fertilizer source in the experiments at rates 18 and 36 kg ha -1 . Ammonium nitrate (NH 4 NO 3 ; nitrogen content 34.4%) was used as an additional nitrogen (N) fertilizer source in experiments. Treatment 5 (S 0 N 55 ) with nitrogen rate 55 kg ha -1 was included in experiment to observe pure nitrogen effect on the physiological processes in spring oilseed rape plants.
Fertilizer treatment was performed on February 10 when plants had reached 3 -4 leaf stage. For fertilisation a 10 % (NH 4 ) 2 SO 4 and NH 4 NO 3 solutions in distilled water were used. Each experimental pot received 50 mL of mineral fertilizer solutions at calculated dose-rates and 50 mL of distilled water were applied on the untreated pots.
Measurement of chlorophyll a fluorescence was performed four times: on February 24 (14 days after fertilizer were applied -DAF), on March 3 (21 DAF), on March 10 (28 DAF) and on March 17 (35 DAF). Chlorophyll a fluorescence was measured using a Handy PEA (Plant Efficiency Analyzer) portable fluorescence measurement system (Hansatech Instruments, UK).
Young plant leaves were chosen for analysis. Dark adaptation was performed with special leaf clips for 25 min before measurement. Twenty measurements per treatment were performed. The data were analyzed by appropriate software. 
Field experiments
Field trials were established in Priekuli municipality in 2010 and in Talsi municipality in 2011 on the farmer's field in spring oilseed rape. In the field trials the treatments were arranged within a randomized complete block design with four replicates. Plot size was 30 m 2 . In both years conventional soil tillage was employed according to recommendations for spring oilseed rape. Plant protection products were applied to the whole trial as necessary.
In 2010 the soil type was sod podzolic loamy sand and in the field had pH KCl The total seed yield from each plot was harvested by trial combine "Sampo 130" on August 17 (in 2010) and "Wintersteiger Delta" on September 6 (in 2011). Yield was recalculated to t ha -1 and given at 100% purity and 8% moisture content.
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Data on meteorological conditions were obtained from Priekuli (in 2010) and Stende (in 2011) HMS. The growing season in 2010 was unusually warm and air temperatures exceeded long-term norm during the season: 0.3 -5.3 o C above the norm. Overall amount of precipitation per month was satisfactory and favourable for spring oilseed rape development during the beginning of growing season, but was only 51.6% of norm during the period of seed development in July. The weather during the growing season in 2011 continued to be warmer than long term averages (0.3 -2.9 o C above the norm). During the beginning of the growing season (April, May) amount of precipitation was only 67.9 -74.2% of norm. There was sufficient amount of precipitation during June, July and August to provide very good conditions for reproductive organ formation and seed development of spring oilseed rape.
The oil content (%) of spring oilseed rape seeds was determined in Latvia University of Agriculture Institute of Agrobiotehnology, Grain and Seed Research Laboratory using Grain Analyzer INFRATEC 1241 (FOSS Analytical, Sweden) using a special device for oil content determination.
Data analysis was performed using MS Excel and the statistical package GenStat for Windows 15 th edition.
III RESULTS AND DISCUSSION
Laboratory experiments
Chlorophyll a fluorescence parameters F v /F m and PI were used to describe additional sulphur and nitrogen fertilizer effect on photosynthesis of spring oilseed rape plants. Parameter F v /F m is widely used to detect plant stress and is directly correlated to the photochemical efficiency of the photosystem II for which values of 0.83 correspond to high efficiency [31] . In our experiment F v /F m values exceeded 0.83 in all treatments (Fig. 1) The Performance Index (PI) is suggested to be one of the most valuable fluorescence parameters describing vitality of the plant [33] . Additional sulphur and nitrogen fertilizer at optimum rate (S 18 N 55 ) significantly increased spring oilseed rape plant vitality (Fig. 2) . Sulphur deficiency (S 0 N 55 ) as well as sulphur double dose (S 36 N 55 ) had led to significant plant vitality decrease compared to control plants and plants fertilized with 18 kg sulphur ha -1 , which only approves significant role of sulphur and nitrogen ratio in plant growth [12] .
Field experiments
Yield of spring oilseed rape varied between experimental years in spite of the fact that both spring oilseed rape varieties used in experiment were highly productive. The average spring oilseed rape yield (Fig. 3 ) in the control plots was very low (0.9 -1.9 t ha -1 ), especially in 2010, when oilseed rape seed development was strongly affected by meteorological conditions. Researchers in Iran concluded that seed yield decreases can be associated with the water stress during rapeseed reproductive growth stages [34] . Seed yield increased with an increase of sulphur fertilizer
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rate from 0 to 36 kg ha -1 . In both years significantly higher spring oilseed rape seed yield was produced in the plots where sulphur 18 and 36 kg ha -1 and nitrogen 55 kg ha -1 fertilizer was applied compared to untreated. It is obvious that there is a relationship between nitrogen and sulphur rates and their impact on seed yield. A significant impact of increasing sulphur fertilizer rates on the oilseed rape seed yield was recorded in earlier studies [10] , [12] . One of the most important quality factors of oilseed rape is oil content. The average oil content in the spring oilseed rape 'Forte' seeds was 43 -45% and in spring oilseed rape 'Perfekt' seeds: 43 -48% (Fig. 4) . Oil content was highest in the untreated plot oilseed rape plant seeds and decreased with the increasing sulphur and nitrogen fertilizer rates. Negative correlation between oil content and nitrogen fertilizer rate has been reported previously [7] , [15] , [17] . It is strongly related with protein content in oilseed rape seeds, which increases with the increasing nitrogen rate [7] and has negative impact on oil content in seeds [1] .
IV CONCLUSIONS
Chlorophyll a fluorescence parameters F v /F m and PI can be used to describe sulphur and nitrogen mineral element supply efficacy on spring oilseed rape to predict possible yield results.
High seed yields of good quality can be expected when an optimum concentration and good balance of additional sulphur and nitrogen are used. Sulphur and nitrogen fertilization in relation 1:3 should be considered not only as a fertilizer increasing biological spring oilseed rape yield, but improving the quality of plant product and reducing the unnecessary distribution of fertilizer in the environment.
V REFERENCES
